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EXPERIMENTAI. PERFORMANCE COF A 0.35 HUB-TIP RADIUS
RATTO TRANSONIC AXIAL-FLOW-COMFRESSOR
STAGE DESIGNED FOR 40 POUNDS PER
SECOND PER UNIT FRONTAL AREA*

By Richard R. Cullom, John C. Montgomery
and Paul T. Yasakl

SUMMARY

An investigation was conducted to determine the over-all stage and
stator blade-element performance of a transonlc axial-flow-compressor
inlet stage. A transonic inlet stage wlth a hub-tip radius ratio of
0.35 was designed to produce & total-pressure ratio of 1.49 with a tip
relative inlet Mach number of 1.27 and an equivalent specific weight
flow of 40 pounds per second per square foot of frontal area. The stator
blade-element performance 1s presented herein for a blade row with a
design absolute inlet hub Mach number of 0.99. The rotor design and over-
2l1] performance were reported previously.

At design equivalent tip speed of 1100 feet per second, the stage
attained an equivalent weight flow of 37.6 pounds per second per square
foot of frontal area at a total-pressure ratio of 1.42 and an adiabatic
efficiency of 0.84. Pesgk adigbatic stage efficiencies of 0.93, 0.82,
0.89, and 0.84 were obtained at 60, 80, 90, and 100 percent of design
gpeed, resgpectively.

The installation of stator blades did not appreciably detract from
the flow range of the rotor slone. A significant decrease in efficiency
was noted as the major performance penalty incurred by the addition of
stators. The high total-pressure-loss coefficlent experienced at the
stator hub section was attributed to the acceleratlion of the high sub-
sonic relative inlet Mach number to a supersonic value on the highly
cambered anterior region of the suction surface. A strong shock system
was produced that accounted for the excesslve losses.

*Ditle, Confidential.
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INTRODUCTION o

Turbojet engines with high ratios of thrust to englne welght are
essentizl for alrcraft propulsion st high flight speeds. One method of
increasing the engine thrust per unit engine welght 1s to increase the
weight flow per unlt frontal area through the engine. Thls can be ac-
complished by uesing a transonic inlet stage in a multistsge axlal-Flow
compressor. Transonic axlal-flow-compressor stages are capable of pro-
ducing high pressure ratio and high wélght-flow per unit frontal area at
relatively high efficlenciles (refs. 1 and 2). The weight flow per unit—-
frontel area can be Increased over that of previous transonic stage de-
signs by decreasing the hub-tip diameter ratioc and by increasing the
inlet axial Mach number. However, high-welight-flow designs are often
assoclated wlth a stator blade design problem, in that for a given stage
work output the stator hub inlet Mach number increases as the hub-tip
diameter ratio is decreased and the inletaxial Mach number 1s increased.

The transonic axial-flow-compressor inlet stage used in this inves-
tigation {ref. 3) was designed to determine the feasibllity of increasing
the welght flow per unit frontal ares by reducing the hub-tip dlameter
ratio to 0.35 and by increasing the absolute average inlet Mach number
to 0.76. The blade-element and over-all performance of the rotor alone
is presented in reference 3. The blade-element performance of the
stators and the over-all stage performasnce based on detsiled instrument
surveys are presented herein for 60, 80, 90, and 100 percent of design
corrected rotor tip speed.

SYMBOLS
Ap compressor frontal area, sq ft

c blade chord, in.

D diffusion factor

i incidence angle, angle between Inlet-alr direction and tangent to
blade mean canmber line at leading edge, deg

M Mach number

P total pressure, 1b/sq 't
T radius, in.

- blade thickness, 1n.

U blede speed, ft/sec
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V  velocilty of air, ft/sec

W integrated weight flow at rotor inlet, 1b/sec

B air angle, angle between air velocity vector and axisl direction, deg

3] ratio of inlet total pressure to NACA standard sea-level pressure
of 2116.2 1b/sq £t

8° deviation angle, angle between outlet-air direction and tangent to
blade mean camber line at trailing edge, deg

| adisbatic efficiency

e ratio of inlet total temperature to NACA standard sea~level tempera-
ture of 518.7° R

o solidity, ratio of blade chord to hlade spacing

] blade camber angle, dlfference between angles of tangents to mean
camber line at leading and tralling edges, deg

® total-pressure-loss coefficlent

Subscripts:

min minimum loss

R rotor

S stator

z axial direction

0 compressor depression tank

1 rotor inlet

2 rotor outlet or stator inlet

3 stator outlet

Superscript:

relative
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APPARATUS AND PROCEDURE
Rotor Design

The rotor design 1s presented in detail in reference 3. The rotor
employed double-circular-arc blade profile sections and was designed for
constant radial energy addition. Radiasl-equilibrium conditions that
neglect the entropy term in the equations of motion were assumed for
velocity-distribution celculations. The rotor was designed to produce &
pressure ratio of 1.51 at an equivalent welght flow of 40 pounds per
second per square foot of frontal area and & tip speed of 1100 feet per
second at an adiabatic efficlency of 0.95. The inlet diameter of the
rotor was 14 Inches, and the hub-tip diameter ratio was 0.35. The design
inlet relative Mach number varied from 0.74 at the hub to 1.27 at the
tip. The rotor blade design values and geometry are summarized in
table I.

Stator Deslgn

The stators were designed for exial dlscharge sc that high relative
inlet Mach numbers could be obtalned for succeeding stage designs. The
design stator axial wvelocity ratlio was to have an average value of unity.
The sgtators were designed to produce a stage total-pressure ratio of 1.489
at an equivalent welght flow of 40 pounds per second per square foot of
frontal area. The stator design inlet conditions were the rotor design
outlet conditions. The stator design inlet-air angle (measured from the
axial direction) varied from 23° at the tip to 46.2° at the hub. The
design absolute inlet Mach number varied from 0.87 at the tip to 0.99 at-
the hub.

A double-circular-arc blade profile with a constent chord of 2
inches and a constant thlckness-to-chord ratio of 0.06 was designed.
Because of an error in fabrication, the actual thickness-to-chord retio
wvas 0.03. The stator discharge area was increaged 1 percent over the
theoretical dlscharge area to allow for the assumed growth of the wall
boundary layer. A summary of the stator blade design values and geometry
1s given in table IT.

Compressor Installation

The compressor installation (fig. 1) is the same as that described

in reference 3, except that stator blades were added to obtalin the stator

blade-element and over-all stage performence. In addition, the rotor
discharge passage area, which was increased in reference 3 to prevent
choking for tests of the rotor alone, was changed to the design condition
of-constant tip diameter for the rotor-stator combination as shown in
figure 1.

cLLY
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Instrumentation

The axial measuring stations used to observe the stage performance
conditions are shown in figure 1. BStations 1 (% in. upstream of the

rotor blade hub leading edge) and 2 (% in. downetream of the rotor blade

kub trailing edge) were used to observe the rotor inlet and outlet con-
ditions, respectively. These stations were at the same axial locatlions
a8 those used to obtain the rotor performance in reference 3. Station 3
(l in. downstream of the stator blade hub trailing edge) was used to
cbserve the stator outlet conditions.

At the rotor inlet (station 1), total pressure and air angle were
measured at all radisl survey stetioms: 3, 5, 7, 10, 30, 50, 70, 90, 93,
85, and 97 percent of the blade passage height from the outer wall. The
static pressure was measured at the walls and at the five major radial
stations (10, 30, 50, 70, and 90 percent of the blade passage height from
the outer wall). At the rotor outlet (station 2), total tempersture,
total pressure, and air angle were measured at all radial survey stations.
Static pressure was measured at the five major radial stations and at
the walls.

Downstream of the stators (station 3), totel temperature, total pres-
sure, and alr angle were measured and recorded continually by an auto-
matic recorder as each instrument was traversed circumferentially across
one blade passage. Cilrcumferentlal surveys were made at the five msjor
radial stations. Static pressure was constant clrcumferentially across
the stator exlt passage and wes therefore measured along & midpassage
radial line at the five major stations. Static pressure was also observed
at the walls.

Procedure

The stator blade-element performance and the over-all stage perform-
ance were obtained in this phase of the lnvestigation. The stator and
complete stage date were taken with an inlet pressure of 20 inches of
mercury absolute at 60, 80, 90, and 100 percent of rotor design speed.
The performence data were obtalned from radial surveys at a given axial
station. The stator outlet performance was obtained by averaging the
clrcumferential survey data.

Computations

The computational procedure was, in general, simllsr to that of
reference 3. The air and blade angles used in the equations are illus-
trated in figure 2.
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The 1ntegrated weight flows measured at the three axial stations
agreed within 5 percent with the values measured by the thin-plate
orifice, 80 percent of these measuremente being within 3 percent of —the
orifice weight flow. The integrated mass-averaged adlabatic efficlenciles
agreed within approximately 5 percent wlth the integrated mass-averaged
momentum efficiencies. Over half the mass-averaged adiabatic and momen-
tum efficiencies agreed within 3 percent.

RESULTS AND DISCUSSION
Over-All Performance

The mass-averaged over-all stage performance is presented 1ln figure
3 as the total-pressure ratio and adiabatic efficiency plotted against
equivalent specific welght flow based on weight-flow measurements at
station 1 for eguivalent tip speeds of 60, 80, 90, and 100 percent of
design. At design speed the maximum equivalent welght flow of 38.2
pounds per second per square foot of frontal area was obtained. The
meximum stege total-pressure ratlio obtained at design speed was 1.44 at
a welght flow of 36.8 pounds per second per square foot of frontal area
at an adiabetic efficlency of 0.82. Peak adiabatlic stage efficiencles of
0.93, 0.92, 0.89, and 0.84 were obtained at 60, 80, 90, and 100 percent
of deslgn speed, respectively. Al design speed and maximum efflciency
the stage attained an equivalent—weight flow of 37.6 pounds per second
per square foot of frontal area at a pressure ratlo of .1.42.

The over-all performasnce of the rotor with and without stator blades
is presented in figure 4-.to illustrate the performance loss attributed to
the presence of gtator blades. The total-pressure ratio and efficlency
obtalned at stations 2 and 3 for the rotor alone and for the stage,
respectively, are presented as & function of the equivalent welght flow.
The maximum welight flow at deslgn speed for the rotor alone was 38.70
pounds per second per square foot of frontal area. At design speed a
maximum totel-~pressure ratio of 1.53 was obtalned for the rotor alone &t
a weight flow of 36.70 pounds per second per sguare foot of frontal area.
The maximum rotor efficiencles were 0.98, 0.96, 0.93, and 0.89 at 60, 80,
90, and 100 percent of design speed, respectively.

The installation of stator blades dld not appreclably detract from
the flow range of the rotor alone. A significant decrease in efficiency
was noted as the major performance penalty incurred by the addition o
stators. :

The rotor inlet or stage inlet—conditlions are presented in reference
3 as radial varlaetions of the relative inlet-alr angle, relative inlet
Mach number, and axial. inlet Mach number at 60, 80, and 100 percent—of
deslign speed. The radial variations of the desighn ilnlet conditions are

CLLY
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also presented. The design inlet conditions were not attalned, because
the design weight flow was not realized. The welght-flow deflciency was
due to improper choice of optimum rotor incidence angle (ref. 3). The
predicted radiasl distribution was correct, but because of the weight-flow
deficlency the deslred magnitude of the inlet conditions was not achieved.
The radial wvariations of the relative inlet-air angle, relative inlet
Mech number, and axial inlet Mach number at 80 and 60 percent of design
speed (ref. 3) were similar to those of the respective parsmeters atf
design speed.

The stage performance at 80-percent design speed appeared highly
suitable for a transonic inlet stage on present engines. A stage total-~
pressure ratio of 1.28 at a welght flow of 34.6 pounds per second per
square foot of fromtal area was attained at an adiabatic efficliency of
0.92.

Stator Blade-Element Performance

In order to gein better insight into the internal flow mechanisms
and to facllitate the evaluation of the losses in the stator blades, de-
tailed blade~element data are presented. To further evaluate the losses,
supplementary data in the form of stator blade wake profiles and the
variation of minimum-loss level with stator inlet Mach number are
included. The stator inlet and ocutlet conditions are presented for com-
perison with their respective design variation.

Inlet conditions. - The rotor outlet or stator inlet conditions from
reference 3 are presented in figure 5. The rotor absolute ocutlet-air
angle and the rotor ebsolute outlet Mach number correspond to the stator
absolute lnlet-air angle and the stetor sbsolute inlet Mach number,
regspectively. The stator absolute inlet-air angle and absolute inlet Mach
number are presented as functions of radius at three weight~flow points
for 60, 80, and 100 percent of design speed.

The design stator absolute inlet-air angle (fig. 5(a}) was not at-
tained at all radial sections. At the pesk-efficiency weight flow, it
was approximately 50 higher at the tip section and 4.5° lower at the hudb
gectlion than the design values. This discrepancy was due to the fact
that the stator geometry was established by the design rotor discharge
conditions, which were not realized. The absolute stator inlet Mach
number (fig. 5(b)) at maximum-efficiency weight flow and design speed
varied from approximately 0.83 near the tip to 0.93 at the hub section.

The gbsolute inlet-air angle and Msch number did not correlaste well
with the design velues. The discrepancy can be attributed primsrily to
deleting the entropy term in the equation of motion used in the design
calculations and the failure to predict the optimum rotor incidence angle.
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The absolute inlet~-alr angle and Mach number at other speeds and weight
flows had simllar radial wvariation for thelr respective parameters.

Blade-element charscteristics. -~ The stator blade-~element charac-~
teristics are presented in figure 6 at four tip speeds for the five
ma jor radilal statlions. The diffusion factor, axial welocity ratio, abso-
lute inlet Mach number, deviation angle, and total-pressure-loss coeffi-
clent are presented as functlions of the incldence angle.

At minimum-loss incldence angle the stator deviation angles at all
sections were within 1.5° of the design deviation angles glven in table
IT. The minimum-loss deviation engles were within 2° of Carter's rule
at 211 radial positions.

The variation of total-pressure-loss coefficlent shows a tendency
for the low-loss incldence-angle range to decrease as the inlet Mach
number ls increased.

The radial veriation of stator diffusion factor is shown in figure
7. The diffusion factor at maximmm-efficliency welght flow agrees very
well with the design values except at the hub, where the decrease in
velocity ratio causes the diffuslion factor to increase above the design

value. :

Evaluation of total-pressure loss. - The variation of minimum stetor
total-pressure-loss coefflicient with stator inlet Mach number is shown
in figure 8 for three radial positions. All radial sections of the stator
blade operated at a failrly constant value of minimum-losa coefficient of
approximately 0.035 for inlet Mach numbers below 0.78%

The megnitude of the mipimum total-pressure-loss coefficlient at the
stator hub increased sharply with increased inlet Mach number above 0.78.
At design speed the minimum loss at the hub section (radial position E)
was 0.159, which was approximately three times the minimum loss at the
other sections. The increased loss at the stator hub sectlon can be ex-
plained by the supposition of the following flow model. The magnlitude of
the-stator hub inlet Mach number measured % Inch upstream of the stator
blade hub leading edge was In the high subsonic range at deslign rotor tip
speed. The streamlines at the stator blade lesding edge converged be-
cause of the presence of the blade to produce an exterior throat. The
slight aree cortraction thus produced raised the high subsonic inlet
velocity to free-stream sonic velocity. The flow was further accelerated
over the highly cambered anterior portion of the suctlon surface by means
of supersonic turning, and the high Mach numbers in thet region produced
gtrong shock-wave systems and associated high losses.

eLLY
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The occurrence of supersonic channel flow in blade rows with sub-
sonic inlet conditions is substantiated by the cascade studies of refer-
ences 4 and 5. The supersonic flow is sharply decelerated by the shock
system, and the suction-surface boundsry layer 1s subject to a large
static-pressure rise. The peak suction-surface Mach numbers computed by
the Prandtl-Meyer method were 1.5 or greater at the hub section, and
therefore separation of the boundary layer is probable (ref. 6). Figure
9 shows the circumferential wvariatlion of the stator outlet total pressure
at three radial posltions. The relatively large wake pressure defect at
the hub section may indicate suction~surface boundary-layer separation in
addition to depicting the shock losses.

A combingtion of the high subsonic inlet hub Mach number and the
stator blade geometry produced the flow conditions requlred to use the
shock~loss analysis of reference 7. The loss calculation of reference 7
and the Prandtl-Meyer method both require & sonic inlet velocity.
Because of the high subsonlc inlet Mack number and the exterior throat
at the hub section, 1t was theorized that sonic inlet conditions did
exist, so that these methods could be used to analyze the stator losses
quantitatively. If the loss coefficient attributed to the passage shock
loss as computed by the method of reference 7 1s added to the profile
loss obtained from typlcal cascade and stator data of reference 8, this
predicted total loss compares favorsbly with the value experimentally
obtained. From these computations, it wes observed that the passage shock
loss accounted for approximately half the total loss.

This trend in stator hub totel-pressure-loss cocefficient with abso-
lute inlet Mach number is similar to the loss variation observed at the
tip region of a number of rotors (ref. 8). The Mach number at which the
rotor tip-section lose coefficlents lncreased rapidly was sbove that
Indicated for the stator hub section, because the camber of rotor tip
sections was usually lower than that of stator hub sections.

The minimum total-pressure-loss coefficient at the mean radlal blade
section (fig. 8) did not increase very rapldly with inlet Mach number
because of the lower curvature of the anterior portion of the suction
surface. In addition, for a given stator inlet Mach number, the mean
section operated at a lower value of 1ncldence angle than the hub section.
The lower curvature and incidence angle decreased the total amount of
supersonic turning and therefore limited the value of the blade surface
Mach number. Therefore, at a given inlet Mach number, the meximum blade
surface velocity at the mean section was lower than that at the hub. The
passage shock at the mean section then ocecurred at 2 lower Mach number,
and the shock loss was decreased. In addition, the lower surface velocity
reduced the severity of the flow separation and thus further reduced the

losse. .o
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The total-pressure~loss coefficlent at the tip radial blede sectlon
appears to be relatively unaffected by inlet Mach number variation (fig.
8). This trendin loss coefficient can be attributed to the lower cam~
bered section, which does not appreciably accelerate the flow over the
suction surface.

The minimum-Jloss incidence angle was higher than the desigr inci-
dence angle at all blade sections except the hub (fig. 10). The design
rule of reference 9 was obtained from rotor blade-element data. By use
of the blade~element concept, thils rule was applied to the stator design.
The blade-element concept does not consider three-dimensional effects,
which possibly are different for rotating and stationary blade rows.
Therefore, the difference between the experimental and design values can
be attributed to three-dimensional effects.

The radlal veriation of incidence angle at maximuim-efficlency weight
flow 1s also shown in figure 10. The maximum-efficlency incidence angle
was approximately 5° higher at the tip and 4.3° lower at the hub section
than the respective design values. As stated previously, this off-design
operation resulted from using the design distribution of rotor outlet-air
angle, which was not attained, to esteblish the stator blade geometry.

At peak-efficiency weilght flow, the actual gbsolute inlet~alr angle was
approximetely 5° higher than the design value in the tip region and 4.5°
lower than design inlet angle at the hub. 8Slnce the loss coefficient
remeined relatively constant over a large range of incidence angles in
the stator tip region,; the tip blade sections still operated at a low-
lose value even at the off-design inclidence angles.

It should be noted thet the comparison made in figure 10 is not a
velld test of the design rule of reference 9. The design values of inlet
absolute Mach number and inlet absolute alr angle were used to compute the
design incidence angle. In this investigation the design values of Inlet
gbsolute Mach number and inlet absolute alr angle were not experimentally
attained; therefore, the angle dlscrepancy cannot be attributed to design-
rule inaccuracies alone.

Qutlet conditions. -~ The radisl variations of the stator absolute
outlet Mach number, absolute outlet-mpir angle, axial wveloclity ratio, and
totael-pressure~loss coefficient are plotted in figure 11. The data are
presented for three equivslent weight flows at 60, 80, and 10C percent
of deslgn tip speed. i _ L . _

The absolute outlet Mach number did not correlste with the design
radial variation. The sharp drop in outlet Mach number in the hub reglon
at design speed can be attributed to the high losses caused by the shock
system in that portion of the passage. The outlet Mach number drop in
the hub region was progressively less pronounced as the tip speed
decreased.

CLLY
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The axial velocity ratio at maximum-efficliency welght flow closely
approximates the design distribution except at the hub section. In this
region the high losses attributed to the shock system sharply decreased
the outlet velocity.

The totel-pressure-loss coefficient at design speed increased
sharply at the hub section because of the previously discussed shock
phenomenon. The rise in loss coefficient at the stator tip may be at-
tributed to operation of the blade section in a region of low-energy
flow. At 80 percent of design speed and meximum efficiency, the mid-
stream section of the stator operated at a very low loss level.

The stator absoclute outlet-alr angle at design speed and maximum-
efficiency welght flow was within approximately 3° of the design axial
discharge angle. As the speed decreased, the stator outlet-alr angle
epproached the desired axlal direction. At 80 percent of design speed
the discharge angle at maximum efficlency was wlthin 1.5° of axial
discharge.

Summary Remarks

The stage performance at design speed was penalized by the relatively
high losses encountered in the stator, especially in the hub region. By
the study of a flow model, a quantitative loss analysis was conducted.

The source of the stator losses was the supersonlic blade surface Mach

nunmbers, which produced passage shock systems and flow separation. A

transonic stage design incorporating low stator inlet Mach numbers and
low blade camber would probably reduce the losses encountered.

For a given stage weight flow and work input, lower stator Mach
numbers can be obtained by increasing the rotor tip speed. When the rotor
tip speed increases, for a given work input, the rotor camber and usually
the stator camber can be reduced. The rotor tip would normally be operat-
ing at a higher loss level because of the increased inlet Mach number,
but the decreased camber limits the blade surface velocity and tends to
offset the effect of increased inlet velocity. The stator losses would
be reduced by the decreased inlet Mach number and the lower blade camber.
Therefore, in the flow and pressure-ratio range investigated, transonic
stages of high-tip-speed, low-camber design would be preferred if effi-
clency were of primary importance.
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SUMMARY OF RESULTS -

Investigation of the over-all and stator blade-element performance
of & 0.35 hub-tip radius ratio transonic axial-flow-compressor inlet stage

yvielded .the following results:

1. At rotor design tlp speed of 1100 feet per second & maximum stage-
total-pressure ratio of 1.44 was obtained at a weight flow of 36.8 poundse
per second per square foot of frontal area at an adiabatlc effiliciency of
0.82. Peak adiabatic stage efficiencies of 0.93, 0.92, 0.89, and 0.84
were obtalned et 60, 80, 90, and 100 percent of deslgn speed, respectively.

2. The stage performance at 80-percent design speed appeared highly
suitable for a transonic inlet stage on present engines. A stage total-~
pressure ratio of 1.28 at a weight flow of 34.6 pounds per second per
square foot of frontal gsrea was attained at an adiabatic efficiency of

0.92.

3. The instsllation of stator blades did not appreclably detract
from the flow range of the rotor alone. A significant decrease In effi-
clency was noted as the maJor performance penalty incurred by the addition
of stators.

4. Design procedures that neglect. the entropy term in the equatione
of—motion are not sufficiently accurate for the determination of velcclty
dlstributions and flow angles in the design of transonic axial-flow-
compressor gtages with low hub-tlp diameter ratios and high pressure
ratios.

5. The high total-pressure-loss coefficient encountered at—the
stator hub section was attributed to the acceleration of the flow over
the highly cambered anterior portion of the suction surface to a super-
sonic Mach number of such magnitude as to produce a strong shock wave.
The loss coefficient attributed to the shock system accounted for approxi-
mately half-the total loss. The passage shock should therefore be of
prime concern in deslgning transonic stators.

6. The stator blade-element deviation angles near minimum-loss lnci-
dence angle were within 2° of the values predicted by Carter's rule at
all radial positions. B o S _ o

Lewis Flight Propulsion ILaboratory -
National Advisory Committee for Aeronautics
Cleveland, Chic, April 10, 1358 - -
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TABLE I. - ROTOR BIATE IESTGH VALUES AND GEOMETRY

Passaage Otlet | Relative|Relative| Maximum |Bolidity, |Diffusion|Blade |Relative|Absolute Deviation
height radius,| inlet- | outlet-)thickness g factor, |camber| inlet outlet angle,
from r air air ratio, L angle,| Mach Mach o

27 5,
tip engle, | ‘angla, t/c ¢, |mmber, | number,
P in. > ; ; deg
percent Bl} E’z: deg }E Mg
deg deg
10 6,44 52.3 35,5 0.053 0.980 0.347 8,2 | 1.228 0.858 2.8 4.2
30 5.75 46.9 28.3 .059 1.118 .5B5 16.1 | 1.151 .838 5.6 4,0
50 5.06 41.8 20,2 .085 1,303 A1l 19.0 | 1.059 840 7.3 4.6
70 4.37 37.0 7.3 .071 1.558 ,387 27.4 941 . 866 8.4 6.1
g0 3.68 3.9 -9.4 017 1.938 . 503 39.7 .809 .930 9.1 7.5
TABIE II. ~ STAE’ORBI.AIEIEQI(BTVAIUEBANDWI
Passzage Outlet | Absolute]Absolute| Maxirem |Solidity,|Diffusion|Blada |Absolute!Absolute Deviation
height radiue,| inlet~ | outlet-|thickness ] factor, |csmber| inlet outlet angle,
from T2y air air ratio, D angle,| Mach Mach 8°,
tip, 4n. | enele, | angle, tfe p, |mmber, |muber, deg
percent Bo) Bas deg My M
deg deg
10 6.44 6.48 24.75 0 0.060 1.030 0.369 30.7 | 0,858 10.699 €.4
30 5.75 5.87 28.60 0] 080 1.150 . 353 33,6 .838 .704 7.1
50 5.06 5.26 33.00 o] .060 1.296 . 340 36.9 . 840 JILT 7.8
70 .37 4.64 37.90 0 .060 1.485 .42 40,3 . 866 .735 8.6
20 5.68 4.03 43.30 a .080 1.737 . 357 44,5 .930 .763 9.9

T
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Flgure 1. - Schematic disgrem of compressor installation.
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Adiebatic efficiency, 7
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Adigbatic efficiency, 1
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Diffusion factor, D

NACA RM ES58DO4e

.6 T T | T T T
g Rotor speed, Equivelent specific
percent design welght flow,
! 100 v, /8/8Ag,
H ~ 5 (1b/sec)/sq £t
-4 N o ” 1 o 38.17
03\—-___.-}———’ a 37.57
.45
—P = O ——Destgn O © 3 l
o o
.2 o) = o
| Q
0
N % IR
o,
1O S o) 35.68 7
f o <Q fu} 34.62
& o i o @saz
Lo <&
<
| =1
o 1
o
.2 o
(o]
e, i
Q
P, o
o} G PN D
© 1]
60
,o o 31.03 —
<o o 29.36
P P o 23.30 |
! o
< o
D <
=)
2 °5 =3
e} o O o
= i m|
sl ¢ S| ] o
& o SIE
[o} f=! o SO
3 4 5 8 T

Redius, rz, in.

Figure 7. - Radial veriation of stator diffusion factor.

cLLy



¢

4773

CA~4 back

NACA RM E58DO4a L —

] .3 .
g Pl
@ o n <& Hub (rz = 4.03 in.)
§|§; a Mean (r3 = 5.26 in.) ;q’
4.5 -2F o Tip (rz = 6.48 in.)
£ % /
8.3 &
5 4
G
g8 N==
= OO0
d 0
.5 .6 .7 .8 .9 1.0

Absolute stator inlet Mach number, M,

Figure 8. - Variastion of stator minimum totsl-pressure-
loss coefficient with sbsolute inlet Mach number.



28

|

Stator-outlet total pressure
Inlet reference total pressure’ F,

L Y NACA EM E58D04a

clly

1.1 \/

1.0
(a) Radiel position A: 13z = 6.48 inches.

(b) Radiel position C: rx =5.26 inches.

1.3
4 \ \—Preaaure-surfa.ce
1. \ side of chanmel
1.1 \
Suction~ \
surface,
side—/ 7
1. |
[s} 20 40 80 80 100

Circumferential position, percent passage width
(c) Radiel position E: ry = 4.03 inches.

Flgure 9. - Circumferential variation of total pres-
sure at stator outlet. Corrected specific welght
flow, 37.92 pounds pef secofid per square foot—of
frontel area st rotor design speed of 1100 feet
per second.



4T3

NACA RM E58DO4a

Incidence angle, i, deg

Ft 1 1 |
Incidence angle, =
i
o) Minimum-loss (fig. 6)
d Maximum-efficiency
10 e— — — Deslgn —
-
8 \\o
\
\ \
\\ N
6 \ \
N D\ Mo
N\ \ (/
* . N \CL.//
N
N
N
2 >
N
N
A
N
0
100 80 60 40 20 0
Hub Percent passage height from tip Tip

Figure 10. - Incidence-angle varistion at design speed.

29



30

Absolute outlet Mach number, Mz

Absolute outlet-alr angle, Bz, deg
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Absolute ocutlet Mach number, M3

Absolute outlet-alr angle, Bz, deg
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